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HYBRID ELECTRIC VEHICLE CONTROL 
STRATEGY TO PROVIDE VEHICLE CREEP AND 

HILL HOLDING 

BACKGROUND OF INVENTION 

[0001] The present invention relates generally to a hybrid 
electric vehicle (HEV), and speci?cally to a strategy to 
provide vehicle creep and hill holding similar to a conven 
tional internal combustion vehicle With an automatic trans 
mission. 

[0002] The need to reduce fossil fuel consumption and 
emissions in automobiles and other vehicles predominately 
poWered by internal combustion engines (ICEs) is Well 
knoWn. Vehicles poWered by electric motors attempt to 
address these needs. Another alternative solution is to com 
bine a smaller ICE With electric motors into one vehicle. 
Such vehicles combine the advantages of an ICE vehicle and 
an electric vehicle and are typically called hybrid electric 
vehicles (HEVs). See generally, US. Pat. No. 5,343,970 to 
Severinsky. 

[0003] The HEV is described in a variety of con?gura 
tions. Many HEV patents disclose systems Where a driver is 
required to select betWeen electric and internal combustion 
operation. In other con?gurations, the electric motor drives 
one set of Wheels and the ICE drives a different set. 

[0004] Other, more useful, con?gurations have developed. 
For example, a series hybrid electric vehicle (SHEV) con 
?guration is a vehicle With an engine (most typically an ICE) 
connected to an electric motor called a generator. The 
generator, in turn, provides electricity to a battery and 
another electric motor, called a traction motor. In the SHEV, 
the traction motor is the sole source of Wheel torque. There 
is no mechanical connection betWeen the engine and the 
drive Wheels. A parallel hybrid electrical vehicle (PHEV) 
con?guration has an engine (most typically an ICE) and an 
electric motor that Work together in varying degrees to 
provide the necessary Wheel torque to drive the vehicle. 
Additionally, in the PHEV con?guration, the motor can be 
used as a generator to charge the battery from the poWer 
produced by the ICE. 

[0005] A parallel/series hybrid electric vehicle (PSHEV) 
has characteristics of both PHEV and SHEV con?gurations 
and is sometimes referred to as a poWersplit con?guration. 
In one of several types of PSHEV con?gurations, the ICE is 
mechanically coupled to tWo electric motors in a planetary 
gear-set transaxle. A ?rst electric motor, the generator, is 
connected to a sun gear. The ICE is connected to a carrier 
gear. A second electric motor, a traction motor, is connected 
to a ring (output) gear via additional gearing in a transaxle. 
Engine torque can poWer the generator to charge the battery. 
The generator can also contribute to the necessary Wheel 
(output shaft) torque if the system has a one-Way clutch. The 
traction motor is used to contribute Wheel torque and to 
recover braking energy to charge the battery. In this con 
?guration, the generator can selectively provide a reaction 
torque that may be used to control engine speed. In fact, the 
engine, generator motor and traction motor can provide a 
continuous variable transmission (CVT) effect. Further, the 
HEV presents an opportunity to better control engine idle 
speed over conventional vehicles by using the generator to 
control engine speed. 

May 8, 2003 

[0006] The desirability of combining an ICE With electric 
motors is clear. There is great potential for reducing vehicle 
fuel consumption and emissions With no appreciable loss of 
vehicle performance or drivability. The HEV alloWs the use 
of smaller engines, regenerative braking, electric boost, and 
even operating the vehicle With the engine shutdoWn. Nev 
ertheless, neW Ways must be developed to optimiZe the 
HEV’s potential bene?ts. 

[0007] A successful HEV implementation should consider 
that drivability and performance of the vehicle meet driver 
expectations of a comparable conventional ICE poWered 
vehicle. 

[0008] One such area of HEV development is providing 
vehicle creep and hill holding comparable to a conventional 
ICE vehicle With an automatic transmission. A HEV con 
troller to meet this expectation needs to be developed. 

[0009] HEV controllers are knoWn in the prior art. Sev 
erinsky describes a simplistic HEV control unit. Other 
patents refer to creep functions for an HEV, but only 
generally and only as part of an overall con?guration. US. 
Pat. No. 5,771,478 to Tsukamoto et al. describes current 
?oWs through the generator/motor, making it possible to 
generate a creep force similar to that of a conventional 
torque converter. US. Pat. No. 5,801,499 to TsuZuki et al., 
has a “no-creep” mode to prevent vehicle movement. US. 
Pat. No. 5,887,670 to Tabata et al. and US. Pat. No. 
5,984,034 to MorisaWa et al. have creep calculations in 
various drive modes to mimic conventional engine creep at 
idle speeds. And, US. Pat. No. 6,093,974 to Tabata et al. 
mimics the creep force in electric mode by maintaining 
braking pressure even after the brake pedal is released. 

[0010] Unfortunately, none of the knoWn prior art appear 
to have the strategy of the present invention combining 
poWertrain mode and motor temperature to provide hill 
holding and vehicle creep comparable to a conventional ICE 
vehicle With an automatic transmission While optimiZing 
total poWertrain system ef?ciency and performance in vari 
ous operating states. This Would include a controller to 
provide this feature even When an engine is not even 
running. 

SUMMARY OF INVENTION 

[0011] Accordingly, the present invention provides a strat 
egy to control a split poWertrain hybrid electric vehicle 
(HEV) to coordinate the HEV’s poWer sources to satisfy 
driver demand and expectation for vehicle creep and hill 
holding While optimiZing the total poWertrain system ef? 
ciency and performance. 

[0012] Speci?cally, the invention provides a control sys 
tem for an HEV poWertrain poWered by at least one of an 
engine, a traction motor, and a generator motor, comprising 
sensors for accelerator position, traction motor temperature, 
vehicle speed, PRNDL position, and a battery for poWering 
the traction motor and generator motor and receiving poWer 
from the generator motor. The poWertrain controller can be 
a vehicle system control (VSC) and receive sensor input and 
determine Whether Zero accelerator demand is requested 
While in a forWard drive mode, Whether the vehicle is rolling 
backWard, Whether the engine is running, and Whether the 
traction motor exceeds a predetermined temperature thresh 
old. The engine is started if it is off and traction motor 
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temperature exceeds a predetermined threshold or the 
vehicle is rolling backward. A motor torque request can be 
requested When the engine is off, accelerator demand is Zero, 
the PRNDL is in the forWard drive mode, and the vehicle is 
not rolling backward based on creep torque or hill holding 
function requirements. The present invention can command 
the engine to start and provide engine torque When the 
engine is off, accelerator demand is Zero, the PRNDL is in 
the forWard drive mode, and the vehicle is rolling backWard 
based on creep torque or hill holding function requirements. 
Also, the present invention can command engine torque 
When the engine is running, accelerator demand is Zero, and 
the PRNDL is in the forWard drive mode based on creep 
torque or hill holding function requirements. 

[0013] Another embodiment of the invention can also 
include a requirement that a brake position is Zero before 
requesting the engine or motor torque request. 

[0014] Other objects of the present invention Will become 
more apparent to persons having ordinary skill in the art to 
Which the present invention pertains from the folloWing 
description taken in conjunction With the accompanying 
?gures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] The foregoing objects, advantages, and features, as 
Well as other objects and advantages, Will become apparent 
With reference to the description and ?gures beloW, in Which 
like numerals represent like elements and in Which: 

[0016] FIG. 1 illustrates a general hybrid electric vehicle 
(HEV) con?guration. 
[0017] FIG. 2 illustrates a potential strategy of the present 
invention. 

DETAILED DESCRIPTION 

[0018] The present invention relates to electric vehicles 
and, more particularly, to hybrid electric vehicles (HEVs). 
FIG. 1 demonstrates just one possible con?guration, spe 
ci?cally a parallel/series hybrid electric vehicle (poWersplit) 
con?guration to assist in understanding the present inven 
tion. 

[0019] In a basic HEV, a planetary gear set 20 mechani 
cally couples a carrier gear 22 to an engine 24 With a 
one-Way clutch 26 to prevent the engine 24 from rotating in 
a counter clockWise (CCW) direction. The planetary gear set 
20 also mechanically couples a sun gear 28 to a generator 
motor 30 and a ring (output) gear 32. The generator motor 
30 also mechanically links to a generator brake 34 and is 
electrically linked to a device to store electrical energy and 
output energy to battery 36 to receive electric energy con 
verted from mechanical energy by the generator motor 30. A 
traction motor 38 is mechanically coupled to the ring gear 32 
of the planetary gear set 20 via a second gear set 40 and is 
electrically linked to the battery 36. The ring gear 32 of the 
planetary gear set 20 and the traction motor 38 are mechani 
cally coupled to drive Wheels 42 via an output shaft 44. The 
mechanical coupling represents collectively a poWer trans 
mission device, the poWer transmission devise being con 
nected to the engine 24, the traction motor 38 and the 
generator motor 30. This poWer transmission device can be 
con?gured to have at least one forWard drive position to 
move the HEV in a forWard direction and at least one reverse 
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drive position to move the HEV in a reverse direction. A 
driver operated drive position selector (gear selector) 
PRNDL (not shoWn) determines Whether the vehicle is in 
Park, Reverse, Neutral, Drive, or LoW-Drive. 

[0020] The planetary gear set 20, splits the engine 24 
output energy into a series path from the engine 24 to the 
generator motor 30 and a parallel path from the engine 24 to 
the drive Wheels 42. Engine 24 speed can be controlled by 
varying the split to the series path While maintaining the 
mechanical connection through the parallel path. The trac 
tion motor 38 augments the engine 24 poWer to the drive 
Wheels 42 on the parallel path through the second gear set 
40. The traction motor 38 also provides the opportunity to 
use energy directly from the series path, essentially running 
off poWer created by the generator motor 30. This reduces 
losses associated With converting energy into and out of 
chemical energy in the battery 36 and alloWs all engine 24 
energy, minus conversion losses, to reach the drive Wheels 
42. 

[0021] A vehicle system controller (VSC) 46 can be 
included to control many components in this HEV con?gu 
ration by connecting to each component’s controller. The 
VSC 46 can also sense (receive) and monitor various vehicle 
inputs such as a gear selector (PRNDL) position sensor 48, 
an accelerator position sensor 66, a vehicle speed sensor 68, 
a traction motor temperature sensor 56 and a brake position 
sensor 70. An engine control unit (ECU) (not shoWn) can 
connect to the engine 24 via a hardWire interface. The ECU 
and VSC 46 can be based in the same unit, but are actually 
separate controllers. The VSC 46 communicates With the 
ECU, as Well as a battery control unit (BCU) 50 and a 
transaXle management unit (TMU) 52 through a communi 
cation netWork such as a controller area netWork (CAN) 54. 
The BCU 50 connects to the battery 36 via a hardWire 
interface. The BCU 50 can monitor and communicate bat 
tery output capacity, temperature and state of charge (SOC) 
to the VSC. The TMU 52 controls the generator motor 30 
and traction motor 38 via a hardWire interface. 

[0022] When any vehicle is started from an uphill grade, 
a creep torque is eXpected by the driver to hold the vehicle 
on the hill before the driver applies an accelerator. When a 
vehicle is started from a level grade, the same creep torque 
is eXpected by the driver to inch the car forWard creep even 
though no pressure is being applied to the accelerator. 

[0023] Generally, the VSC 46 interprets driver demand 
(e.g., PRNDL, accelerator and brake position and vehicle 
speed), then determines When and the amount of creep and 
hill holding is needed to meet those driver demands While 
achieving speci?ed vehicle performance (such as fuel 
economy, emissions and drivability). For eXample, in a 
drive-aWay from stop scenario When the engine 24 is not 
running, the VSC 46 Will request the traction motor 38 to 
deliver certain creep torque (to mimic the convention 
vehicle creep) While the driver is in transition betWeen a 
braking request and accelerator request ( e.g., the transition 
time betWeen When the driver removes pressure from a 
brake pedal and applies pressure to an accelerator pedal). 
The VSC 46 calculates a creep torque based on a prede?ned 
function of vehicle speed only used When accelerator input 
is Zero (not depressed). 

[0024] The VSC 46 can operate in several vehicle states. 
When the driver depresses the accelerator fully or partially, 
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the vehicle Will request the traction motor 38, and generator 
motor 30 if necessary, to deliver the driver’s demanded 
torque. When the traction motor 38 and generator motor 30 
combined can not satisfy the driver’s torque demand, or the 
vehicle speed is greater than a predetermined vehicle speed, 
the engine 24 can be started to add to the combined output 
shaft 44 torque. If the engine 24 is running and engine 24 
output can satisfy the driver’s torque demand, only the 
engine 24 Will provide the poWer to propel the vehicle. 

[0025] The vehicle creep torque strategy of the present 
invention can operate in a variety of poWertrain con?gura 
tions. If the vehicle is driven aWay on an up-hill grade, a 
single predetermined creep torque may not be enough to 
hold the vehicle from rolling backWard. In this instance, the 
strategy can increase the amount of creep torque to hold the 
vehicle and perhaps even give a little bit of forWard creep. 
This Would require the traction motor 38 to deliver high 
torque at near Zero speed. Further, if this hill holding or hill 
creep is required for an eXtended period of time, the traction 
motor 38 temperature Will rise due to high motor loss at high 
torque and near Zero speed. 

[0026] The engine 24 can be used to apply the desired hill 
holding or creep torque, thus avoiding increased temperature 
and loss to the traction motor 38. If the engine 24 is not 
running, it can be started. The generator motor 30 can be 
used to vary or regulate engine 24 output torque to achieve 
the desired hill holding or creep function Without comprising 
engine 24 operating ef?ciency. 

[0027] The present invention is a strategy to provide an 
HEV With hill holding or creep capability. The strategy is 
activated When the PRNDL is in drive or loW-drive mode no 
accelerator applied. Alternatively, the strategy can also 
require no brake being applied ( i.e., brake position is Zero). 
The strategy can use the traction motor 38, generator motor 
30, and the engine 24. The engine 24 is needed to achieve 
creep or hill holding When the traction motor 38 temperature 
eXceeds a prede?ned value. The strategy can determine 
When to start the engine 24 and regulate the amount of 
engine 24 torque needed to hold the vehicle on the hill using 
the generator motor 30. This maintains ef?cient engine 24 
usage and minimiZes battery 36 usage and loss. 

[0028] A possible strategy of the present invention to 
provide an HEV With this conventional creep and hill 
holding capabilities Within the VSC 46 is illustrated in FIG. 
2. The strategy begins With each key-on event and ends at 
each key-off event. 

[0029] First, the strategy at step 72 monitors input from 
the PRNDL position sensor 48 and the accelerator position 
sensor 66. The strategy at step 72 can also monitor torque, 
speed and temperature of the traction motor 38, torque and 
speed of the generator motor 30, and torque and speed of 
engine 24. The strategy can even be con?gured to monitor 
the brake position sensor 70. Traction motor 38 torque and 
speed can be used to verify driver’s Zero accelerator pedal 
demand, and to determine Whether the vehicle is rolling 
backWard. The engine 24 torque and speed can be used to 
determine if the engine 24 is running. 

[0030] The determination of Whether the driver expects 
creep or hill holding can be made in a variety of Ways such 
as brake and accelerator pedal positions and Whether the 
vehicle is rolling backWard. For this embodiment of the 
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invention, the strategy ?rst determines at step 74 Whether 
accelerator demand is Zero (e.g., the driver’s foot is off the 
accelerator pedal). If no, the driver should be in control of 
the vehicle speed and direction and a creep hill holding 
function is not needed. Therefore, the strategy cycles back to 
step 72. If the accelerator is determined to be at Zero demand 
at step 74, the strategy proceeds to step 76. 

[0031] At step 76, the strategy determines Whether the 
PRNDL is in a forWard drive mode such as D (forWard 
drive) or L (loW forWard drive) position. If no, the strategy 
returns to step 72. If yes, the strategy can established a need 
to activate creep or hill holding control and proceeds to step 
78 to determine if the engine 24 is running. 

[0032] If the engine 24 is determined to be off at step 78, 
the strategy proceeds to step 80 and determines Whether the 
vehicle is rolling backWard. There are a variety of Ways 
knoWn in the art to determine Whether a vehicle is rolling 
backWard. For this embodiment of the present invention, this 
determination is based on input from the PRNDL position 
sensor 48 and traction motor 38 rotational direction. If the 
traction motor 38 is rotating counter clock-Wise and PRNDL 
is in D or L, the vehicle is considered to be rolling backWard. 
If PRNDL is in the reverse (R) position, the strategy does not 
need to determine if vehicle is rolling backWard since engine 
24 can only provide forWard propulsion. In this instance, 
only the traction motor 38 can be used to provide creep or 
hill holding. 

[0033] If at step 80, the strategy determines the vehicle is 
rolling backWard, the engine is started at step 84 folloWed by 
an engine 24 torque request at step 86. This request is based 
on a predetermined creep torque or hill holding function 
requirement. As described above, the request can start the 
engine 24 and hold it to an ef?cient speed and using the 
generator motor 30 to regulate the amount of torque needed 
for creep or hill holding. 

[0034] If at step 80, the strategy determines the vehicle is 
not rolling backWard, the strategy can request traction motor 
38 torque to hold the vehicle at step 88. This request can be 
based on a predetermined creep torque or hill holding 
function requirement. As discussed above, the traction motor 
38 holding the vehicle at little or no speed can cause its 
temperature to increase. Therefore, once after the traction 
motor 38 torque is requested in step 81, the strategy makes 
a determination in step 82 Whether the traction motor 38 
temperature is above a predetermined threshold. If no, the 
strategy cycles back to step 72. 

[0035] If the traction motor 38 temperature is above a 
predetermined threshold in step 82, the strategy proceeds to 
step 84 and the engine 24 is started folloWed by the engine 
24 torque request at step 86. 

[0036] Returning to step 78, if the engine 24 is determined 
to be running, clearly there is no need to make the engine 24 
start determination in steps 80, 82, and 84, so the strategy 
goes directly to the engine 24 torque request in step 86. 

[0037] The above-described embodiment of the invention 
is provided purely for of eXample. Many other variations, 
modi?cations, and applications of the invention may be 
made. 
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1. A control system for a poWersplit hybrid electric 
vehicle (HEV) poWertrain powered by at least one of an 
engine, a traction motor, and a generator motor, comprising: 

an accelerator position sensor; 

a traction motor temperature sensor; 

a vehicle speed sensor; 

a PRNDL position sensor; 

a battery for poWering the traction motor and generator 
motor and receiving poWer from the generator motor; 
and 

a vehicle system control (VSC) to control the vehicle 
poWertrain, the VSC receiving input from the accelera 
tor position sensor, vehicle speed sensor, traction motor 
temperature sensor, and PRNDL position sensor, mak 
ing a determination of Whether Zero accelerator demand 
from the driver is requested, 

making a determination of Whether the PRNDL is in a 
forWard drive mode, 

making a determination of Whether the engine is run 
ning, 

making a determination of Whether the vehicle is 
rolling backWard, 

making a determination of Whether the traction motor 
eXceeds a predetermined temperature threshold, and 

starting the engine if the engine is off and traction 
motor temperature eXceeds a predetermined thresh 
old, 

starting the engine if the engine is off and the vehicle 
is rolling backWard, 

commanding a traction motor torque request When the 
engine is off, 

accelerator demand is Zero, the PRNDL is in the 
forWard drive mode, and 

the vehicle is not rolling backWard based on creep 
torque or hill holding function requirements, 

commanding the engine to start and providing engine 
torque When the engine is off, accelerator demand is 
Zero, the PRNDL is in the forWard drive mode, and 
the vehicle is rolling backWard based on creep torque 
or hill holding function requirements, and 

commanding an engine torque request When the engine 
is running, accelerator demand is Zero, and the 
PRNDL is in the forWard drive mode based on creep 
torque or hill holding function requirements. 

2. The control system of claim 1 further comprises a 
determination of brake position demand based on VSC input 
from a brake position sensor. 

3. The control system of claim 2 Wherein commanding the 
traction motor torque request further comprises a Zero brake 
position demand. 

4. The control system of claim 2 Wherein commanding the 
engine torque request further comprises a Zero brake posi 
tion demand. 
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5. Amethod to control a poWersplit hybrid electric vehicle 
(HEV) poWertrain poWered by at least one of an engine, a 
traction motor, and a generator motor, comprising the steps 
of: 

sensing accelerator position; 

sensing traction motor temperature; 

sensing vehicle speed; 

sensing PRNDL position; 

poWering the traction motor and generator motor and 
receiving poWer from the generator motor With a bat 
tery; and 

controlling the vehicle poWertrain With a vehicle system 
control (VSC), the VSC receiving input from the accel 
erator position sensor, vehicle speed sensor, traction 
motor temperature sensor, and PRNDL position sensor, 

making a determination of Whether Zero accelerator 
demand from the driver is requested, 

making a determination of Whether the PRNDL is in a 
forWard drive mode, making a determination of 
Whether the engine is running, 

making a determination of Whether the vehicle is 
rolling backWard, 

making a determination of Whether the traction motor 
eXceeds a predetermined temperature threshold, and 

starting the engine if the engine is off and traction 
motor temperature eXceeds a predetermined thresh 
old, 

starting the engine if the engine is off and the vehicle 
is rolling backWard, 

commanding a traction motor torque request When the 
engine is off, 

accelerator demand is Zero, the PRNDL is in the 
forWard drive mode, and 

the vehicle is not rolling backWard based on creep 
torque or hill holding function requirements, 

commanding the engine to start and providing engine 
torque When the engine is off, accelerator demand is 
Zero, the PRNDL is in the forWard drive mode, and 
the vehicle is rolling backWard based on creep torque 
or hill holding function requirements, and 

commanding an engine torque request When the engine 
is running, 

accelerator demand is Zero, and the PRNDL is in the 
forWard drive mode based on creep torque or hill 
holding function requirements. 

6. The method of claim 5 further comprising the step of 
making a determination brake position based on VSC input 
from a brake position sensor. 

7. The method of claim 6 Wherein commanding the 
traction motor torque request further comprises a Zero brake 
position. 

8. The method of claim 6 Wherein commanding the engine 
torque request further comprises a Zero brake position. 


